The aim of the present study was to analyse whether a lesion score approach could be used as an indicator for agonistic behaviour in pigs. Behavioural patterns were observed directly after weaning (PIG-28, n=827), 40 days later (growing pigs, PIG-68, n=292) and immediately after mixing gilts (GILTS, n=344), over a 48 h period. For the front, middle and rear part of the body the extent of skin injuries was assessed with a lesion score (LS). The LS ranked from 0 (no wounds) to 4 (many, deep wounds) and was determined at the beginning (LSstart) and at the end (LSend) of the observation period. In all groups, the front body third was mostly stressed by fighting interactions. The highest correlations were found between the front LS and the overall fight time, with r=0.50 (PIG-28), r=0.52 (PIG-68) and r=0.48 (GILTS). The LS for the front area did not increase for 26 % (PIG-28), 39 % (PIG-68) and 40 % (GILTS) of the animals. According to this, the applied LS approach only reflected the agonistic behaviour of pigs to a certain extent.
Introduction
Agonistic behaviour in pigs especially occurs when unacquainted pigs are mixed with groups of acquainted ones. Fighting often results in the accumulation of skin lesions which can have detrimental effects on the welfare and longevity of the animals (Spoolder et al. 2000 , Løvendahl et al. 2005 . In recent studies, a skin lesion score (lesion score, LS) was applied as a proxy indicator for the aggressive potential of a pig (Turner et al. 2006) . With regard to the results in Turner et al. (2008 Turner et al. ( , 2009 ) the LS is a heritable trait and genetically correlated with aggressive behaviour. They concluded that a selection based on breeding values for a reduced LS is expected to reduce reciprocal aggression (Turner et al. 2008) . However, most of the previous applied lesion scores have implemented detailed counting or assessment of each scratch (e.g. Erhard et al. 1997 , Weng et al. 1998 , Spoolder et al. 2000 , Turner et al. 2006 . Thus, they seem to be infeasible to measure the LS under common breeding farm conditions. The aim of this study was to apply an easy and rapid lesion score application under commercial sow farm conditions. The behaviour and lesion score recordings were made in three age groups. Finally, the study examined whether the LS could be an indicator for agonistic behaviour in pigs. Therefore, correlations were estimated between the LS and agonistic behavioural traits.
Materials and methods

Animals and housing
The data collection was carried out on a closed herd sow farm of the German breeding company »Hülsenberger Zuchtschweine« during October 2007 to April 2009. The herd composed of pure-bred Large-White (LW) sows and also crosses between Large-White and German Landrace (LW × DL). For the present study, female pigs from pure bred litters and crosses from LW × DL were considered. Behavioural observations from weaned (PIG-28) piglets and growing pigs (PIG-68) were made in the rearing pens. Every Wednesday piglets from one sow group with 36 litters on average were weaned (one-week rhythm) and moved to the rearing house where they were sorted by gender and body size. 29 piglets on average were housed in one rearing pen. The pens had dimensions of 5.10 m × 2.10 m. They had a fully slatted floor and were separated by 60 cm high, closed partitions on the ground and two rods across. During the rearing period water was non-stop accessible on nipple drinkers. Feed was provided ad libitum with a wet feeder. After the rearing period the pigs were taken to a fattening unit where the own performance test was implemented. The pigs were fed with a liquid feeding system three times a day. The third observation was carried out when the gilts (GILTS) were brought back to the sow farm directly after the first mixing in the pregnancy area. An average of 48 gilts was housed as a separate group in the gilt pen with dimensions of ca. 15.5 m × 6.5 m. The pen was divided into a feeding (ca. 43 m 2 ) and a lying area (ca. 58 m 2 ). The feeding area included the electronic sow feeding station and had a fully slatted floor. The lying area comprised a corridor with a fully slatted floor and six resting areas (each ca. 5.4 m 2 ) with a solid floor. Water was accessible ad libitum on one nipple drinker and two water troughs.
Behavioural observation
Four rearing pens with female breeding piglets were filmed directly after weaning (PIG-28) using the HeiTel Player software program (HeiTel Digital Video GmbH, Kiel, Germany). The behavioural observations were made for 10 focus piglets per pen, which were randomly chosen and individually marked on their backs. The observation area excluded the area around the wet feeder and measured 3.20 m × 2.10 m. A second observation took place 40 days after weaning (growing pigs=PIG-68). A new group was created in equal shares from four pens which were previously housed at weaning. The same 40 focus pigs which had already been observed at weaning were re-marked, re-mixed and re-allocated to the four rearing pens. Thus, one out of four from the new group and also two or three from the marked pigs were already known to each other. The third observation was carried out in the gestation house (GILTS). Before the gilts were moved into the pen, each animal was individually marked. The recording period started immediately after housing the gilts. The behaviour of all animals inside the whole pen area was observed. The agonistic behaviour of each marked pig was evaluated with the aid of the videotapes. A single agonistic interaction was defined as a fight or a displacement with physical contact initiated by one individual and featuring aggressive behavioural elements, followed by any form of submissive behaviour performed by the opponent (Langbein & Puppe 2004) . The aggressor/receiver, the winner/ loser of a fight and also the times (start time and finish time) were noted for each fight in which a marked pig was involved (for a more detailed description see Stukenborg et al. 2011) . Based on the beginning and outcome of the fight, the values of ten agonistic behavioural traits were calculated for each observed pig (Table 1) . 
Lesion score
A skin lesion score (LS) was assigned by one person to all pigs marked (LSstart) immediately before starting the 48 h observation period. After 48 h (PIG-68) or one week later (PIG-28 and GILTS), the LS was recorded again (LSend) for the observed pigs. The time differences between the first and second recordings (48 h vs. one week) were necessary in order not to disturb the workflow on the farm. Three body regions were evaluated independently of each other: front (head, neck, shoulders and front legs), middle (flanks and back) and rear (rump, hind legs and tail) (modified according to Turner et al. 2006) . A detailed counting of each scratch on the pigs' bodies was not carried out. Although such a procedure would probably have given an exact indication of the new wounds, the counting of the lesions appeared to be too time-consuming for use under commercial farm conditions. The applied LS ranked from 0 to 4 as shown in Table 2 .
Finally, because of the missing of culled or diseased pigs for LSend recording and due to problems with the technical supply, both lesion scores as well as behavioural observations were ascertained for 827 (PIG-28), 292 (PIG-68) and 344 (GILTS) animals. Minor skin injuries (sporadically occurring) lesions on the body area) 2
Middle skin injuries (several lesions allocated over the whole body area; no widespread accumulation of injuries) 3
Strong skin injuries (several lesions allocated over the whole body area with accumulations of injuries at different areas of the skin 4
Very strong skin injuries (the whole body area is densely covered with lesions)
Statistical analysis
In order to reach approximately normal distributions, the behaviour data were transformed with a square root (for PIG-28) or log transformation Y=loge (1+observation) (for PIG-68 and Gilts). All further analyses were based on the transformed behaviour data. An analysis of fixed effects was performed with the MIXED procedure in SAS 9.1 (SAS Institute Inc., Cary, NC, USA). For model fitting, the information criteria of Hurvich and Tsai (1989) (Akaike information criterion, AIC) and Schwarz (1978) (Bayesian information criterion, BIC) were considered. These values take into account the number of estimated parameters and favour less complex model variants. The model with the smallest AIC and BIC values was chosen without considering the underlying significance of fixed effects. For the behavioural traits, the final model for PIG-28 and PIG-68 included the fixed effect of the observation month and the random pen and litter effect. For GILTS behaviour, the fixed effect of the observation date was considered. For LSend, the same models were used for behavioural traits expanded by the fixed effect of LSstart. Pearson correlation coefficients were calculated between the residual of the behavioural traits and LSend (Proc CORR; SAS 9.1, [SAS Institute Inc., Cary, NC, USA]).
Results
Behavioural performance
Most fighting interactions were observed for weaned piglets (Table 3) . GILTS had the lowest median number of fights. However, the total fight time was considerably longer in comparison to growing pigs. Great differences in fighting behaviour were also seen within age groups. In all age classes at least one pig was not involved in agonistic interaction for the first 48 h. In contrast, the most active animals had an overall fight time approximately 220 (PIG-28), 113 (PIG-68) and 108 (GILTS) min, respectively. A more detailed description of agonistic behaviour in weaned piglets and growing pigs is given in Stukenborg et al. (2011) . Lesion score differences Figure 1 shows the distribution of the first and second LS for the body regions of each age group. In general an LSstart equal to zero was rarely observed for growing pigs and gilts. The LS for the front body region increased (LSstart<LSend) for 74 % (PIG-28), 61 % (PIG-68), and 60 % (GILTS) of the animals, respectively (results not presented). However, almost 50 % of gilts had an LSstart greater than 2. Mostly small variations were observed between LSstart and LSend for the middle body area. The majority of the weaned piglets had a middle LSstart of 1. In comparison, PIG-68 and GILTS had higher starting values overall. About 50 % (PIG-28/PIG-68) and 56 % (GILTS) of the pigs had no positive change in the middle LS. For the rear body area, most LS differences were observed for gilts. In contrast to the younger age groups, a considerable number of gilts had lesion scores of 3 or 4. However, an increased LS was only shown for nearly 29 % (PIG-28), 33 % (PIG-68) and 42 % (GILTS) of the pigs, respectively.
Correlation between LS and behavioural parameters
The highest correlation between agonistic behavioural parameters and the LSend in all age groups were shown for the front body area (Table 4 ). The maximum correlation coefficients were found with the overall fight time, r=0.50 (PIG-28) (P<0.05), r=0.52 (PIG-68) (P<0.05) and r=0.48 (GILTS) (P<0.05). Intermediate correlations were calculated for the middle body region. The correlation coefficients ranked between r=−0.11 up to 0.26 (PIG-28), r=0.11 up to 0.29 (PIG-68) and r=0.13 up to 0.30 (GILTS). No significant correlation for the rear area was found for weaned piglets. The highest significant relationships between the rear LS and behavioural parameters were calculated for GILTS (r=0.33 for Time Fights and Time Fights Won (P<0.05)). Table 4 Pearson correlation coefficients between agonistic behavioural traits and the lesion score of three different body areas observed in three different age groups (weaned piglets=PIG-28, growing pig=PIG-68, gilts=GILTS)
PIG-28 PIG-68 GILTS front middle rear front middle rear front middle rear 
Discussion
In general, the front body area was the most stressed body region of the pigs in all age groups. Furthermore, in all age classes the front third showed the highest correlations between LS and agonistic behaviour. These results are in accordance with McGlone (1985) , who indicated that most of the bites were targeted mainly at the ears, face and neck. A comparison between the age groups showed that the correlation coefficients of growing pigs and gilts were rather similar in contrast to the findings of weaned piglets in which no significant relationship between the rear body area and agonistic behaviour was found. Differences between the age groups might be caused through different fighting motivations and the resulting variations in the number of scratches. Previous results have indicated moderate correlation between the behaviour of growing pigs and gilts but only small relationships between the older age groups and weaned piglets (Stukenborg et al. 2012) . It is therefore assumed that the behaviour of weaned piglets is especially influenced by playful manners whereas the older age groups fight in order to establish a new dominance hierarchy. Regarding this, Stukenborg et al. (2011) suggested that weaned piglets fought much more than growing pigs but their interactions were not so intensive, so a fight did not always end in injury. In all age groups, more than 50 % of the pigs had no increased LS for the middle and rear body area. This fact and the consistently smaller relationships in comparison to the front LS suggest that an investigation of the rear and the middle lesion score seemed to be rather insignificant in relation to agonistic behaviour. Although the correlation between behavioural traits and the front LS were all significant and clearly showed that a higher involvement in agonistic interactions resulted in an increased LS, the correlation coefficients were at the maximum at the level of average. Thus, the applied LS approach did only reflect the agonistic behaviour of pigs to a certain extent. Furthermore, it must be considered that a lot of animals already had a high front LSstart. For these pigs the LS was limited concerning an indication of fighting behaviour since high fighting activity could not lead to a high difference between LSstart and LSend, Concerning gilts, even more than 20 % had a front LSstart equal to 4. For these animals further scratches in the observation period due to fighting interactions could not result in a higher LS. Thus, it must be considered that before keeping the gilts in the pregnancy area, the animals were taken from the fattening unit to the sow farm and were subsequently washed as a whole group. During this time the animals could already have been involved in agonistic interactions but the added wounds were assigned to the LSstart. For this reason, in further investigations the LSstart should be noted before the animals leave their familiar group and start fighting with unacquainted pigs. Previously applied LS approaches have avoided this problem by counting the number of lesions at the beginning and at the end of the observation period (Weng et al. 1998 , Spoolder et al. 2000 , Turner et al. 2006 or they have tried to count only fresh lesions which were received during the observation time (Erhard et al. 1997 , Turner et al. 2000 , Turner et al. 2009 ). Turner et al. (2009) found genetic correlations between the anterior LS and the duration in reciprocal aggression of r=0.67. In comparison to these findings which include laborious data collections, the present results, with correlations of approximately r=0.50 in all age groups, are quite promising when considering the short and easy lesion score ascertainment. In contrast to the middle and rear body region, the front body area is highly stressed by agonistic interactions in all age groups. The estimated moderate correlation coefficient between the applied front LS and the observed agonistic behavioural traits indicated that a quick and basic approach can be used for a lesion score ascertainment. However, in further studies the LSstart should be noted before the animals leave their familiar pen in order to include all newly received wounds.
